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Abstract 
Anticipation represents the tennis player’s ability to forecast the future actions of its competitor. Tennis is, in general, an 
anticipation and space-time coordination sport. This study wishes to emphasize the importance of anticipation, in the efficiency 
of the tennis player’s neuromuscular control, at a junior level. The study was conducted on 20 junior tennis players from the 
national lot. The measurement of the players was carried out in three steps: measuring the space-time anticipation with the 
Vienna Test Sport System testing battery, measuring the neuromuscular control, with the help of the condition simulator and 
measuring the balance with the aid of the Balance Platform. 
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1. Introduction 
Abernethy (1990), after having made space and time studies in order to examine performance skills in sport, 
concluded that top athletes need far less information so as to anticipate an event, therefore top athletes have a level 
of reaction at a much higher stimulus. The information processing speed, decision making and correct performance 
indicate that these competitors tend to develop the advantage that makes the difference between performances.  
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Ripoll’s studies from 1991 have shown that the differences between top athletes and beginner athletes are a result 
of the different way in which they process visualization, top athletes having a synthetic level, while beginners have 
an analytical one. For those who practice ball sports, in which the processing of information is pressed for time, the 
synthetic visualization strategy is the best advantage in decision making. 
Anticipation represents the creation of possible and desirable future forms, as well as the choice of plans or 
actions intended to produce. Switching from a simple design to some more refined is observed in modeling and 
simulation field. We have to mention that this quality knows a great degree of heritability (Ifrim, 1986). The 
anticipation systems used by the sportsmen are not simply adaptive systems (Pezzulo 2008), but according to their 
efficiency, they are supplementary systems that are found in their effective motor behaviors. This type of system has 
a strong intentionality because it  has the capacity to transform from a simple perceptual or imaginary system in an 
organism capable to identify its own purpose, depending on the environment (Hsi-Wen Daniel Liu, 2010). In tennis, 
this type of system is observed in the player’s ability to hit a ball that is not on the wanted trajectory with maximum 
efficiency. 
Whitney et. all. 2000 study has shown that anticipation at a objects manipulation level (in our case, the tennis 
rocket or throwing a service ball), proved to be dependent on the previous manipulation experience. In this case, we 
can speak about a level of anticipation training, depending on the motor experience, but especially about the 
possibility that this motor experience should be developed according to the specifications of the task provided. 
Regarding these specifications, (Chaminade et. all., 2001) study accomplished, with the help of a PET scan, which 
produces a tri-dimensional image of the functional processes in the body, has indicated that the motor neuronal 
system is involved in the preparation and execution of actions, being part of a simulation system that is used to 
interpret the actions performed by others. Anticipation proved to be determined by previous experience, no matter 
the context. 
Athletes with a high level of anticipation are capable to use information like model-movement to significantly 
reduce the response times (Shim et. all. 2005). This study could help us understand that the tennis game depends on 
understanding the reaction patterns, according to the personal movement model, in reaction to the solicited action. 
Moreover, this type of movement is dependent on the tennis player’s perception, according to the ball trajectory, the 
placement of the ball and its impact with the rocket being also dependent of movement-model pattern type. In this 
case, the movement is the technical enactment, while the model represents the player’s ability to hit the ball 
efficiently, depending on the cognitive particularities developed during training. The study developed by Borysiuk 
and and Sadowski (2007) confirm the idea exposed by Shim and all. (2005), regarding the efficiency of anticipating 
motor activities, through raising their efficiency by influencing the reduction of reaction time and movement in 
itself. Scientists emphasize the fact that this type of efficiency is found at a sensory-motor level, mainly in the 
beginning phase.  
The tennis player moves towards the ball according to its perception, calculating the distance until impact. 
Teaching how to hit the ball should be carried out according to each individual’s spatial scheme, because not all 
individuals have the same dominant eye. Furthermore, the anthropometric scheme (member length, body dimension) 
has a determining role in the distance, from which the ball is hit, the differences between competitors being visible. 
Wei-Ta Chu and Wen Ho Tsai, (2009) have developed a computing system to calculate the interaction between 
objects. The authors conducted a computer study, in which the tennis players are analysed depending on their game 
positions, through some coordinates that are put in function by audio and video processing. The researchers want to 
develop space and time models in order to analyse the athletes’ movement in the tennis court, as well as their impact 
on the ball. This study confirms the interest for the objectification of the space-time parameter in which the athlete 
has to perform and gives us proof that performance sport requires a scientific demarche as well. If we take into 
consideration the ball-hitting time, the differences between athletes’ at this level are of milliseconds. Because of 
that, in order to measure the distinctions objectively, sophisticated equipment was needed, that would help the 
athletes to correct and develop their game.  
Skills have a determining role in the athletes’ performance. The tennis player, through practice, develops both its 
physical and psychological abilities. Once this process is finished, and all the skills have developed, the trainer or 
sports psychologist has to choose which of these necessary skills the athlete needs to develop at a top or excellence 
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level Williams and Weinberg, (2010). Anticipation and neuromuscular control are part of the tennis player’s 
baggage and they can help him or her achieve great performances. Psychomotor manifests itself through a complete 
set of coordination abilities, associated with a good level of kinesiology and balance in a well determined 
environment. Spaciousness gives the individual the possibility to adapt to its own reality, depending on the indexes 
and characteristics of this reality (Pehoiu, 2010). 
2. Methods 
2.1. Participants 
Our pilot study has been conducted on 20 athletes, 8 females and 12 males, members of the national tennis lot 
and with notable results at international contests. The athletes’ average age is 15.2 years and the standard deviation 
is 1.32.  
2.2. Apparatus and stimulus production 
The purpose of this study is to analyze the importance of anticipation in the efficiency of neuromuscular control 
at tennis players, for a junior level. The hypothesis of this study is: the neuromuscular control influences the tennis 
player’s anticipation in time and space. For this study, we used the National Institute of Sports Research, Bucharest 
apparatus and apparatus from The Transylvania Research Institute, Brasov. The purpose of this approach was to 
emphasize the importance of using bio-motor apparatus in the measurement of top athletes’ performances, but also 
to experiment with other machinery from different fields of activity. In this study, sportsmen used three 
measurement instruments: the conditions simulator was used according to Moúoi et all., (2014), using the same 
grading and testing system. After the conditions stimulator, we used balance platform, type PEV07, which is meant 
for research activities that target the training, evaluation, improvement and recovery of human performance. This 
equipment allows the projection position evolution study, on a horizontal plan of the mass centre of a human 
subject. The pressure centre of the platform acquires data in respect with the time evolution of the pressure centre’s 
position. The realization of the measurements was accomplished according to Moúoi et all. (2012): 
A [mm2] is the area of the maximum contour route. 
Pin[%] is the percentage point included in the confidence ellipse C90 (usually 90%). 
Sa[mm] – mean square deviation on the maximum axis. 
Sb[mm] – mean square deviation on the minimum axis. 
Ung[grd] – the angle of inclination left / right ellipses.. 
Lt[mm] – the total path of the route. 
Vm[mm/s] – the average speed on the track. 
Sv[mm/s] – mean square deviation of speed. 
The test consists of four stages, each lasting 20 seconds: 
a. - Faze 1: subject's eyes are open, but does not have information on the screen 
b. - Faze 2: subject's eyes are closed; 
c. - Faze 3: subject's eyes are open and there is information on the screen; 
d. - Faze 4: subject's eyes are opened having a task to rebalance 
Time-space anticipation was measured with the Vienna Test Sport System battery, through Time/Movement 
Anticipation test. This battery has in its component a response panel, consisting of several buttons of different 
colours. In our study, we used ZBA S2 test with 12 items, linear form. A red ball is moving with a certain velocity 
and, at some point, disappears between two parallel lines. The athlete has to press a key at the time that the ball 
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should reach the second line. The anticipation in time will be measured through the athlete’s capacity to indicate the 
exact time when the ball will appear on the line. In the second phase, the subject will also have to indicate the place 
of the ball. This last performance measures the capacity of the individual to anticipate the time and space movement. 
The test consists of 2 accommodation items and 8 testing items. At the moment when the player is tested, he will not 
receive feedback, like in the two previous accommodation phases. This test uses three types of scoring: gross score, 
percentile rank and T-score (T) result from a comparison with the entire comparative sample.  
2.3. Procedure: 
At the conditions simulator, for neuromuscular control evaluating, 2 tests were conducted: The minimum pulling 
force of the draw bar, during the tests, is 7 daN (decanewtons), on a distance of 0.75 m, and the pulling resistance is 
calculated in percents (brakes raised at 80%; brakes lowered at 10% - the value of the brakes is expressed in 
percents 0-100%) (Moúoi et. all, 2014). The time length of the evaluation with the conditions simulator was 5 
minutes.  At  the  balance  platform,  the  athlete  stayed  at  0.5m  away  from  the  computer  and  the  evaluation  was  
completed according to the 4 tests previously described. The duration of the evaluation with the balance platform 
was 3 minutes. The evaluation of the anticipation in time and in movement was accomplished with the response 
panel and the Vienna Test System Sport soft. The participant sat at a table, on a chair, with the dominant arm on the 
response panel, in order to accomplish a task. The time length of the anticipation test was 9 minutes. Each 
competitor was subjected to the same test, the complete testing time being between 17 and 20 minutes. The order of 
the instruments was carried out according to the task difficulty, speaking from a physical point of view.  
Table.1 Descriptive statistics and matrix values for the variables included in the regression model 
Variable 1 M SD 1 2
Simulator Task 1 
Anticipation Movement PR 
8.13 
58.95 
.53 
26.7 
- .46 
-
Note: R²=.20 for this model. 
3. Data analysis  
Data was analysed with the SPSS 18programme. The distribution of each variable was analysed, in order to 
identify abnormalities or extreme data. For the analysis of the data from the anticipation test scores, the percentile 
ranks were taken into consideration.  
4. Results:  
For emphasizing the association degree between the simulator and motor coordination test scores, we computed 
the Pearson analysis. A single significant association was noticed between the score from test 1, from the conditions 
simulator and the anticipation of movement PR (percentile rank) with a positive score. positive r = .46, p = .043, 
(p.05), R²=.21. Simulator 1 (task 1-Break 80%), mean 8.13,SD: .53, Anticipation, Movement, PR, mean: 58.95, 
SD: 26.7. 
Table: 2The results of the linear regression - explanation regarding the plethora of muscle control anticipate 
Note: R²=.20 for this model. 
Model 1 B SE B ȕ t p
Simulator Task 1 
Anticipation Movement PR 
7.598 
.009 
.27 
.004 
-
.456 
28.121 
2.173 
.000 
.043 
452   Moşoi Adrian Alexandru and Balint Lorand /  Procedia - Social and Behavioral Sciences  187 ( 2015 )  448 – 453 
Other associations were noticed between the PR movement and the Balance Platform, with a total route 
length,(LT4),  r = 49, p = .028, (p.05), R²=.24 and with the average velocity on route (VM4), r = 5, p = .026, 
(p.05), R²=.25. Age was negatively associated with the total length of the route. ,(LT4),  r = +54, p = .014, (p.05),
R²=.29 and with the average velocity on route (VM4), r = -55, p = .013, (p.05), R²=.30. No differences between 
gender and group were reported (national lot, places 1+4, 5+15), at the balance platform, the conditions simulator or 
anticipation test. No associations were noted between the experience level in playing tennis and the variables from 
the research.  
5. Discussions 
The realization of a bio-psycho-motor profile through the evaluation of the tennis players with several 
instruments can improve the knowledge of trainers and researchers alike, who are willing to explain certain 
phenomena. In this study, the anticipation of movement in time and space can give a direction to explain the 
performance in the tennis game. Our results indicated the fact that there is a significant influence of the 
neuromuscular control in anticipating the movement in time and space, but not a statistically determined influence. 
A point of view that must be raised is the role of coordination in anticipating the movement and the motor 
experience, but not from the perspective of years of training, but from the learning degree of each athlete. The 
previous actions experience, from the Whitney et all., (2000) study, explain the possibility of forecasting an action 
with high accuracy. In our case, it has a purely informative character, no associations being made in this case.  The 
anticipation of movement in time and space is negatively associated with the length of the route and average 
velocity on route, fact that confirms the study of Borysiuk and Sadowski (2007), because a great length on route 
shows an imbalance and the average speed on route is low when the level of equilibrium is high. The negative 
association of our scores with the presented study does not represent a firm confirmation but mostly a trend in new 
research directions. An interesting observation is linked with the negative association between these variables, 
especially because the statistical results were reported in the 4th phase of testing, the re-equilibration one. In all of 
these 4 phases, no significant result were reported, fact that indicates both the importance of the test, as well as the 
result. The space and time anticipation was not associated with none of the task in which the position of the mass 
centre was stable, but with the phase in which the athlete was forced to re-balance according to the indications 
provided by the test. For the tennis game, in which the player is always moving, we can say that an action is 
conditioned by the player’s position next to the ball, according to his or her level of coordination, the first factor in 
this process being the neuromuscular control and its efficiency in rebalancing is associated with the anticipation of 
movement in time and space. A question arises. The efficiency anticipation of moving in space and time is 
emphasized for balls with a static or dynamic character- should the player be moving or standing still when hitting 
the ball? Being an extremely small lot of subjects, specific to a certain category, we cannot extrapolate these results, 
but  only  consider  them  trends.  Tennis  is  a  sport  of  speed  and  endurance,  (depending  on  the  playing  surface  and  
playing styles), when adapting to space and time, in a position adequate to hit the ball can make the difference 
between the obtained results.  
In conclusion, the anticipation of movement is associated in tennis with a high level of neuromuscular control 
and a high level of equilibrium, through the length of the track and the player’s speed in rebalancing. This approach, 
however, must be validated with further research; because the lot of subjects was not a large one, one reason being 
the group’s specific characteristic: players of the national tennis lot. An ulterior study should explain if the 
efficiency of anticipating the moves in tennis is stressed in a static or dynamic position before the technical 
execution. 
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